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INTRODUCTION. Approximately 7% of the patients who have undergone anterior scoliosis 
surgery at the Mater Children’s Hospital in Brisbane experience top screw pullout, and this 
usually occurs in the first few days postoperatively. Top screw pullout occurs when the screw is 
under too much axial force to remain secure in the vertebral body. In vitro biomechanical pullout 
tests are commonly done to find the maximum fixation strength of anterior vertebral body screws. 
Typically, pullout tests are done instantaneously where the screw is inserted and then pulled out 
immediately after insertion. However, bone is a viscoelastic material so it shows a time 
dependent stress and strain response. Because of this property, it was hypothesised that creep 
occurs in the vertebral trabecular bone due to the stress caused by the screw.  The objective of 
this study was therefore to determine whether the axial pullout strength of anterior vertebral body 
screws used for scoliosis correction surgery changes with time after insertion. 
 
METHODS. Three thoracic calf spines were obtained from an abattoir.  Prior to testing, each 
spine was scanned in a clinical computed tomography (CT) scanner to determine the vertebral 
body dimensions and bone mineral density (BMD). From the three spines, a total of 39 vertebral 
bodies (levels ranging from T1 to T13) were instrumented with titanium vertebral body screws 
(Legacy, Medtronic Sofamor Danek, Memphis, USA) and left in a water bath containing 
physiological saline at 37°C for varying periods of time ranging from zero to seven days. The 
pullout strength was found through axial testing at a constant rate of 1.667×10-4 m/s using a 
Hounsfield (Model H25KS, Redhill, England), with the vertebral body supported in a custom 
designed mounting jig. The pullout strength was defined as the maximum axial force reached 
during a test, and was adjusted for BMD and the width of the vertebral body in contact with the 
screw thread. The BMD was calculated using Hounsfield units (HU) taking an average over the 
width of the vertebral body from the CT scan.  
 
RESULTS. The mean (±sd) pullout forces (n=5) for each time interval after implantation were 
991±194 N, 974±327 N, 963±307 N, 775±266 N, 841±316 N, 756±278 N, 760±347 N, 817±255 
N. When corrected for bone density (HU) and vertebral body width, the mean forces were 
131±11, 147±52, 122±37, 104±34, 115±45, 97±28, 111±51, 106±25 (N/m/HU). Using a general 
linear model, no relationship was found between the pullout strength and time in the water bath 
(P=0.082). The pullout strength was significantly affected by the spine used (P<0.001). 
Normality was not found in the results. 
 
DISCUSSION. There is a possible relationship between pullout strength and time; however 
more testing is required as the sample numbers were quite small. The design of the screw is 
made with the knowledge of the strength it must obtain. This is important to prevent such 
occurrences as top screw pullout. If the pullout strength is indeed decreased due to creep, the 
design of the screw may need to be changed to withstand greater forces. 
 
